Perseveration in Patients with Focal Brain Lesions
So far the clinical significance of perseveration has been considered only in relation to conditions giving rise to general disturbances of brain function. Indeed, it is observed so often in clouding of consciousness that little attention has been paid to it as a relatively isolated expression of focal brain damage. When found in patients with focal lesions the tendency has been to treat it as a residual or early fragment of general clouding of consciousness, the effect of which is to lessen the significance of any other intellectual defects that may be present at the time. Like the farmer, who would hesitate to waste time and energy on harvesting a field of grain which had become heavily contaminated by weed, the clinician sees little advantage in probing the mental state of such patients.
Yet this attitude is not altogether justified, for in some patients recovering from a general disturbance of brain function, like anoxia or dehydration, perseveration is not seen, although the conditions necessary for its demonstration are there and it is searched for repeatedly. In the majority of these instances it is pronounced and affects all psychomotor activity, but in others there appears to be some element of selectivity at work, because it affects certain activities and not others. A third reason for studying perseveration out of its usual context, with clouding of consciousness, is that it has been described on occasion in patients with purely focal brain lesions.
Association with Frontal Lobes
Perhaps best known is its association with the frontal lobes. Some at least of the peculiar disorders of movement that result from damage to them are related to perseveration in their quality and may represent a motor aspect of the phenomenon which is thrown into particular prominence by lesions in this situation. These movements have been described under the titles of " tonic innervation " (Wilson and Walshe, 1914) , " Zwangsgreifen und Nachgreifen " (Schuster, 1923) , " forced grasping and groping " (Adie and Critchley, 1927) , and the " grasp reflex " (Seyffarth and Denny-Brown, 1948) . The last-named is not relevant to our discussion because, as Rushworth and Denny-Brown (1959) have shown, when the arm is immobilized it is dependent on a serial combination of cutaneous and proprioceptive stimuli to the palm of the hand. In grasping, a true perseveratory effect can be deduced only when, for example, after shaking hands with a patient on first meeting and then taking his wrist to examine the pulse, the patient again grasps the examiner's hand or catches hold of his coat. Such a result, when bilaterally obtainable, has no focal significance, although it is typical of diffuse cerebral cortical affections.
However, Denny-Brown (1951) detects in the increased resistance to passive movement observed in the monkey after frontal ablation a similarity to the clinical phenomenon of " gegenbalten," which was referred to in the previous lecture. In Fulton, Jacobsen, and Kennard's (1932) experiments it was noted that after bilateral excision of the frontal and premotor areas the behaviour became stereotyped: "once a movement, such as walking or chewing, was initiated, the animal would Rylander (1939 Rylander ( , 1943 Schreiner, and Levitt (1955) , who found, after making bilateral thalamic lesions in the cat, that " the operated animals consumed food rapidly; however, unlike normal controls, they persisted in unsuccessful efforts to get food for as many as 100 trials in a period of 10 to 20 minutes and did not explore the apparatus for a more successful technique of procuring food." In Kluver and Bucy's (1938) monkey, who had been deprived of her temporal lobes, somewhat similar behaviour was noted, although modified this time by the presence of visual agnosia.
Perseveration in Aphasia
The contamination of speech in aphasiacs "by words which the patient has already used but cannot get rid of " (Brain, 1961) Head (1926) , equated perseveration in aphasia with "barrelorganism," the epithet which had been applied to it by Gairdner. Collier (1910) Hecaen and Angelergues (1964) mention that perseveration occurs in frontal aphasia and is due to loss of the regulating function of language, in which conditions a characteristic feature is loss of monologue with retention of dialogue. Denny-Brown (1963) cites some examples of its occurrence in speech, but, like Schuell (1954) , Conrad (1954) , and Rochford and Williams (1963) , does not refer to it specifically. The last-named authors, however, say that naming an object is dependent on "the threshold of the word, and that such thresholds are related to its frequency of usage and are raised in dysphasia, but may be lowered by a number of factors acting as clues." Recovery from nominal aphasia they suggest is due to the lowering of thresholds in the "word pool."
However, the impression received from a perusal of accounts of perseveration in aphasia is that its occurrence is incidental, if varying in extent from day to day, provided sufficient care was taken it could be demonstrated repeatedly in the same activities for weeks, months, or even years on end (the longest period of observation was four and a half years). Two points about it in the reverse direction, but when told to draw one pointing to the right he repeated his first drawing, putting a barb only on the right side of the arrow (Fig. 7) . There was no right-left disorientation or constructional difficulty.
Case 116.-This patient likewise showed perseveration in drawing arrows, but there was constructional difficulty.
Case 232.-Perseveration was again seen in drawing a circle and a square.
In Gesture and Pantomime
This was observed only once (Case 178). The patient made little spontaneous use of gesture to reinforce speech, and when told to wave goodbye, shake a fist, pretend to play the piano, perseverated at the second or third action. In this man there was no evidence of ideomotor or motor apraxia, but he had gross constructional difficulty. It is possible that, as his aphasia was severe, defective comprehension may have been partly responsible for the perseveration.
In Response to Simple Spoken Commands (eyes-tongue, raising arm) This was common (Cases 46, 159, 177, 178, 218, 226, 227, and 232) , and was found chiefly in the early stages of recovery after a stroke or with tumours shortly before general clouding of consciousness supervened. In the former, perseveration in these tests might persist for weeks, but usually it tended to disappear long before it did in other activities.
were noticeable: none of the 16 patients perseverated on each and all of the tests given, and in all but five perseveration was confined to activities requiring especially the use of speech and language.
In Chiefly Non-linguistic Activities Whereas perseveration is apt to affect all activities when there is general clouding of consciousness, only 5 of our 24 aphasiacs displayed it in activities not directly concerned with speech.
Case 218.-During the first few weeks after a stroke the patient showed perseveration in searching tests. Thus, when three objects were hidden she kept on referring back to the place where she had found the first one.
Case 227.-When a clock face was drawn with the hands placed at 3.30 the patient could reproduce it correctly, but when given a second drawing, this time with the hands at 11.45, she drew them pointing to 3 o'clock. Although her speech difficulty was great and perseveration rife in most linguistic activities, there was no constructional apraxia or evidence of spatial disorientation.
Case 166. (Cases 166, 178, 205, 217, 218, 226, 227, and 232) . These dysphasiacs could count or give the days of the week, etc., but when they tried to reverse their order immediately began to perseverate. In Case 178, for example, when the examiner said " 1, 2, 3 " and indicated the patient should continue, he counted rapidly on up to 10, although he was quite unable to reverse the process, even with help. When prompted " 10, 9, 8" he invariably said "9, 9, 10, 11, 12." The same tendency was seen too in repeating the days of the week or months of the year. In Case 232 the patient could say the days of the week without difficulty, but when asked to say the months, after being prompted " January, February," she went on " Wednesday . . . " (and laughed as she shook her head). There was the same difficulty with counting.
In Naming Sighted Objects (Cases 46, 70, 92, 159, 166, 177, 218, 232, and In Naming from Memory In contrast to the difficulty experienced by patients in naming sighted objects, some of them-for example, Case 217-were comparatively fluent when it came to giving the names of fruits, towns, etc., showing no trace of perseveration in such exercises. This I attributed to the purely focal character of their lesions and the fact that their memory was little impaired, recalling from memory being more difficult for patients with global lesions than with focal ones.
In Writing
Neisser pointed out that in its purest form perseveration could be demonstrated in writing, and this was our experience too (Cases 92, 159, 166, 178, 197, 205, 217, 218, and 226) . But it was seen only when there was an associated dysgraphia of one kind or another. Further, it was always linked to the particular disability-for example, copying letters or words, writing from dictation (which uncovered perseveration in the shaping of symbols or in the repetition of words), or letterwriting. Case 166 illustrated the first kind (copying words). The patient was asked to give the name of his old regiment (the Royal Irish Fusiliers) and wrote: TO RINI REGAINT THE REGL. Two patients (Cases 197 and 205) could print or write in script the letters of the alphabet, but when instructed to do first one and then the other perseverated on the second instruction. This difficulty in switching or changing over from one style of writing to another was very much the same as that seen in the performance with series.
The best examples of perseveration in writing, however, were seen when patients attempted to compose a letter (see Fig. 4 ).
In Reading
As with naming from memory, perseveration was observed much less often in reading than in speaking or writing-probably because of the infrequency of pure dyslexia. However, it could be demonstrated when there was a specific reading difficulty, as shown in Case 116. This was a woman with a marked literal dyslexia, some nominal defects, constructional apraxia, and a contralateral half-field defect. Encouraging her to trace the shape of letters with her finger helped her to read, and she made good progress towards recovery. But even when she reached the stage that she could recognize a number of letters she continued to perseverate when a second or third letter was presented to her.
In Spontaneous " Small Talk," in Answering Simple (Welford, 1958) .
4. Gesture and pantomime: would the free use of these aids to spoken speech reduce the tendency to perseveration ? 5. Other non-linguistic defects-for example, constructional apraxia, right-left disorientation, finger agnosia, dyscalculiadid they affect it ?
The results of this inquiry are summarized in Table II Nature and Site of Lesion and Perseveration Of our 24 patients aphasia had been precipitated by an acute cerebral vascular lesion in 15 (of whom 13 showed perseverauon) and by a tumour involving the speech area in the dominant hemisphere in the remaining nine (of whom three showed perseveration). These figures are not significant. It is generally recognized that aphasia is most often due to cerebral vascular disease. But that perseveration occurs more often after this than in patients with tumour has three possible explanations: (1) because it is often not specifically looked for; indeed, we had to discard about half of our available clinical material on this account; (2) by the time perseveration is recognized it is usually associated with other symptoms of clouding of consciousness; and (3) perseveration may be observed for years after an acute cerebral vascular episode, whereas when a tumour is operable it disappears soon afterwards.
In four patients with perseveration the vascular lesion responsible was shown by angiography to be in the common or internal carotid arteries, but the site and extent of the resulting brain lesion was firmly established in one instance only by necropsy. This case (No. 232), however, was of considerable interest, for though the patient's original hemiparesis and Corsellis (1962) there was also no appreciable cerebral cortical atrophy or shrinkage of white matter, and the only abnormal finding was an old infarct measuring 1 by 1 in. (2.5 by 2.5 an.), its walls well organized, deep in the middle part of the left temporal lobe and involving the island of Reil (Figs. 8, 9 , and 10). Goldstein (1948, p. 240) one case known where the lesion was restricted to the insula alone, the case of Voisin " (Goldstein, 1912) . Here all speech function was affected, particularly repetition, but the patient died within a few days. The site of new growth was determined in all eight patients with tumours, and is shown diagrammatically in Fig. 11 . In only two was perseveration observed, but in both cases the tumour involved the left temporal lobe, in one instance spreading to the parietal area. Of the six other patients, none of whom showed perseveration, the tumour was confined to the left temporal lobe in two (Cases 133 and 167) Other writers have observed this same effect, which lends support to the belief that at the time perseveration occurs comprehension and recent memory are not materially affected.
4. The presence of emotional tension and anxiety facilitated perseveration, but the symptom could be demonstrated in patients whose mood was equable, and in some patients who were affectively disturbed it did not occur. Brain damage increased fatigability, but when perseveration occurred in our patients the sticking effect was usually more pronounced at the beginning of an examination than towards the end of it, when indeed it might be less noticeable. The too-rapid presentation of stimuli could not have unduly favoured its occurrence, for even when intervals of one to five minutes were allowed to elapse between stimuli it could still be elicited.
5. Absence of spontaneous talk was a frequent accompaniment of perseveration in dysphasiacs but in those who could make use of periphrasis or circumlocution its incidence was less, this being a compensation not afforded to others who, instead, had to make do with the use of gesture and pantomime.
Luria's division of perseveration into "efferent," "switching," or " programming " types is preferable, I think, to purely psychological classifications, although the difference between the old and the new is probably less a matter of semantics than it is of the shift in emphasis regarding the importance of psychological and physiological factors in its causation. In favour of a physiological basis is the observation that in the early stages of recovery after aphasia it affects both automatic and reflective types of psychomotility, whereas in the later stages it lingers on chiefly to affect those requiring preliminary reflection. So far back as 1933, Cameron commented on the apparent similarity between the phenomenon and the conditioned inhibition of brain function observed by Pavlov, and we have asked ourselves how the distinctive qualities of perseveration in dysphasia could be explained by a lesion of the speech cortex alone.
The necessity of there being such a lesion to link the perseveration with the actual defects present can scarcely be doubted, but the first responses of our patients were invariably correct and the symptom declared itself only in inability to arrest these responses or to switch over to a second and different response. This raises the possibility of disturbance of the speech mechanism at a subcortical level, or of its being due to interBRyU MEDICAL JOURNAI.
ference with the passage of impulses to and from the cortex and the upper brain stem or through the ramifications of the limbic system. In the few cases where it was possible to obtain post-mortem confirmation of the site of the lesion this seemed to be a possibility. Equally striking was the aphasiac whose lesion was confined to the left frontal lobe and who showed not the slightest trace of perseveration. Indeed, some of the qualities observed of perseveration in dysphasia-for example, the ability to reach the same goal by one means, and not by another-have points of similarity with a pathologically acquired conditioned response. There is, too, the striking effect of immediate past experience in leading to summation of responses, which brings to mind the difficulties that used sometimes to be experienced in the old telephone exchange system in getting oneself disconnected from a first call in order to make a second one.
Summary
Perseveration is a well-recognized symptom of clouding of consciousness. It is also seen in aphasia due to circumscribed lesions, and as such may be demonstrated long after any initial clouding has disappeared. Tests used are described and attention is drawn to the linking of perseveration not only with speech and language but with the actual disabilities found, and to that extent it is thought to have focal significance.
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